Abstract-This paper deals with a form of workflow flexibility called case handling as applied to healthcare systems, called careflow systems. We consider a case study of cutaneous melanoma to illustrate flexibility of careflow systems. We first present algorithmic version of medical guidelines for cutaneous melanoma and then model these medical guidelines using YAWL workflow design tool that is based on Petri nets model of computation. We consider both rigid and flexible models of related careflow systems. The YAWL flexible model uses case handling as a form of careflow flexibility. We compare both models from a perspective of functionality and usability.
INTRODUCTION
Careflow systems are workflow systems as applied to medical domain. The main objective of using careflow systems in medicine is to improve quality of service, i.e. reduce number of medical errors and to provide the best possible guidance to novice practitioners in the discipline. Health care systems are often characterized as complex adaptive systems [14] . Systems can be made adaptive by equipping them with a generic capability called flexibility that is perceived as negation of workflow ridigity. Flexibility of careflow systems is a desired property taking into account high qualifications of medical personnel as well as number of treatment choices and special considerations that do exist for each medical condition and potentially for each patient's case. Empowering medical personnel in decision making process will motivate and ask them to make optimized decisions based on well-defined options. Flexibility of workflows can be accomplished "by design", i.e. incorporated in the design process before execution (adaptive workflows) or it can be during run time (dynamic change). Selection of the specific form(s) of flexibility can be guided by multiple factors as indicated in several publications devoted to classification of workflow flexibility [13, 15] .
We focus on a form of workflow flexibility, called case handling, oriented towards achieving the best possible result for each individual medical case or for a well-defined equivalence class of medical cases. The case handling workflow paradigm has been described in workflow management literature quite extensively [3, 4, 7, 8, 12, 17, 18, 19, 20] since at least 2001. We assume that applying the best medical practices is a starting point of our considerations. This is accomplished by adoption of medical guidelines published by reputable organizations for a given medical condition [5] . Initial analysis of medical guidelines leads to their semialgorithmic representation and ultimately to a careflow model that is based on Petri net model of computation. In the design of a careflow model we focus on identification of opportunities for choice of tasks, parallelization of subprocesses, and iteration of tasks or sub-processes. Petri nets have been used as a modeling environment extensively in medical domains since at least 2000, not only by computer scientists [7] but also by medical practitioners [10, 11, 16] .
The rest of the paper is organized as follows. Section II presents detailed analysis of classical careflow systems, their weaknesses in terms of being rigid, and the ways to make them flexible. Activity theory is invoked as theoretical underpinning of the case handling systems. Section III introduces semi-algorithmic details of medical guidelines of Cutaneous Melanoma (CM) adopted directly from [5] and shortly describes the rigid careflow system for CM. Section IV describes flexible careflow system for CM implemented within the YAWL environment. Finally we provide conclusions and directions of future research.
Main contributions of this paper are in application of the case handling flexibility paradigm to specific medical guidelines of CM within YAWL workflow design environment. We carefully analyzed the medical guidelines of CM, developed semi-algorithmic representation of these guidelines, proposed a flexible careflow model, and we used YAWL platform to provide complete implementation of the model.
II. CASE HANDLING WORKFLOW SYSTEMS
Case handling is a way to provide flexibility to workflow management systems, and would be an ideal option for the use in healthcare domain. In a hospital setting there are many highly trained professionals and many of them may have different processes for different medical situations. An implementation using a contemporary workflow management system would result in surgeons that are blind from the information available, just doing the tasks specified for the activities in their in-trays. An important part of case handling is to avoid the "blind surgeon" metaphor [1] .
Classical workflow management systems (WFMSs) are too rigid and restrictive and have problems dealing with change. Staff members in hospitals and other medical facilities should not be forced into doing strictly prescribed tasks. Rather workers will use their judgment and determine what would be the next best task to execute in given circumstances. Let us say a surgeon decided to do a procedure that was not an option in the existing rigid workflow. He/she cannot be restricted to specific actions and/or specific order of actions. This change to the process would have to be added to the workflow system during runtime.
There are four problems which make WfMS inflexible. First, the fundamental principle of "straight-jacketed" work is vital for the WfMS, which can hardly ever match up with the way workers organize their tasks. Usually activities are performed at a far more fine-grained level than proposed by a process model. So the problem with straight-jacketing an activity would be that a worker would have to ignore what the task a process model would want to execute, stop the simulation and update the current workflow.
Secondly, typical WfMSs make no distinction between authorization and distribution of work, which means that a worker is only offered to a task he is authorized to do. This will lead to large in-trays for employees with higher status, as their role may include many others. This means that a worker, let's say a surgeon can certainly execute the same task as a nurse and hence the surgeon's in-tray will include the nurses tasks and his/her own. A worker's role may be limited to execute specific role. Roles are needed for the distribution of work. If the in-tray is overcrowded it would be pretty bothersome to execute every task, especially if it is not needed.
Thirdly, a WfMS that supports a strong control-flow orientation will exclude the context of tasks to be performed, most notably data created at earlier points in the process. This leads to "context tunneling", which means a worker can only see the data that is deliberately provided. Whenever a new piece of data is added to the system, it is important that it can be available to all tasks. Information cannot be withheld from a worker, it will be the deciding factor in what to execute next.
Finally, the push-oriented nature of routing leaves hardly any decision to the user, so that he does not even have a means of making small adjustments to the process. Workflows that support strict routing can become very inflexible, and small errors can snowball into greater problems. This completely goes against flexibility in workflows. This means that you would have to stop the system every time you need to make a change in the process. When a worker decides to go against a predefined process, the new process has to be added during runtime. Data should also be added or removed during the runtime. If users are forced to go around the system frequently, the system is more an annoyance than a plus.
There are three ways to give a workflow more flexibility: dynamic change, worklets [1] , and case handling. Unlike in manufacturing workflow management system, which uses predefined process control structures to determine what should be done during a workflow execution, workflow and the user in a case handling system is controlling the case and decides how the business goal is reached. Case handling focuses on the case and not the routing or the activities. The case and data are products that are being created based on the information in the workflow.
Case handling systems have several ideas in common with the Activity Theory. The Activity theory states that people invent new tools to work more efficiently and whenever a new tool is introduced there is a new way to execute an activity. All activities have a motive and a goal that must be accomplished at the end. All activities are intervened by artifacts like tools and knowledge. Individual activities are a part of collection according to the work practice that takes place. The similarity can be seen in the features of case handling. Case handling has four basic features which will improve typical WfMS: -to avoid "context tunneling" all the data in the case must be available to the worker; this includes all historical data and all current data. -the ability to decide which activities are executed based on the information available rather than the activities already executed. The idea here is how the goal is going to be reached. -to separate work distribution from authorization and allow for additional types of roles, not just the execute role.
-it will allow workers to view and add or change information in the workflow before or after activities have been executed, which means data can be altered at any moment during runtime.
The data that is available to the user is free, mandatory and/or restricted. Free data objects can be changed at anytime during the case. Mandatory data objects need to be available for a specific activity to be completed. If a data object is restricted then it can only be used in that activity. This basically solves the problem of context tunneling. The data can be global and viewed by everyone using the system or it can be restricted for just one worker to use during an activity.
Case Handling allows the user a number of choices. The user can complete the case in any way possible and this also means every case can be unique. It's very important that the worker is not forced into doing an activity, which would promote routing. In case handling three roles are available for each process and each activity which include: the execute role, the redo role, and the skip role.
• The execute role is the role that is needed to carry out the activity or to start a process. All WfMS have this role.
• The redo role is necessary to undo activities and the case will go back to the previous state before the execution of the activity and when an activity is undone all the following activities are undone too. If there was a mistake, this will allow the user to go back and pick the correct activity to execute.
• The skip role gives you the option not to execute an activity at the moment. It can be done later in the simulation or never. A task you might want to skip would be prescribing a medication which doesn't need to be done every time.
Case handling systems are supposed to be flexible. It is very important that the user can update data during runtime. A good example of this would be a change in blood pressure. It can be changed at the instant that it is known and it will be available to all the following tasks that need it.
III. MEDICAL GUIDELINES OF CUTANEOUS MELANOMA
This section describes the Workflow (Careflow) process model for the diagnosis and treatment of Cutaneous Melanoma (CM), the algorithm for which has been referenced from the guidelines (the Clinical Effectiveness V4) at The University of Texas M.D. Anderson Cancer Center [5] . This is the practice consensus algorithm that is not intended to replace an independent medical or professional judgment of physicians and other health care providers. The algorithm has been provided for informational purposes only. The algorithm should not be used to treat pregnant women. In addition, clinical trials should be considered as treatment options for eligible patients. Below we shortly describe the CM algorithm as presented graphically in Fig.1 .
In the first step initial evaluation is performed. It includes a history and physical examination and review of pathology as well as prior surgical procedures, operative, and pathology reports. The result of initial evaluation is a classification of all CM cases into not necessarily disjoint four classes: a) In situ for Clark I -no additional evaluation is required; treatment of local incision of 0.5-1 cm is provided with function and cosmesis as an option to be considered; annual physical examination with skin survey is required as surveillance step,
b) Less than 1.0 mm and Clark level II-III and not ulcerated, and less than 1 mitosis/mm
2 -additional CXR (Chest X-ray) test is required that is followed by local incision of 1 cm margin with function and cosmesis as an option to be considered. In surveillance step physical exam with skin survey is required every 3-4 months for 4 years and then annually; CXR test may be considered annually
c) Less than 1 mm but Clark level IV-V or ulcerated or at least 1 mitosis per mm
2 -apply CXR test that is followed by treatment composed of local incision of 1 cm margin with function and cosmesis as an option to be considered and LM (Lymphatic Mapping and Sentinel Lymph Node Biopsy) with SNLD (Selective Lymph Node Dissection) are performed. Preoperative lymphoscintigraphy is required if lymphatic drainage is ambiguous. Servailance strategy depends on the result of node(s) analysis. If result is negative then physical exam with skin survey is performed every 3-4 months for 2 years and then every 6 months for 3 years and then annually; CXR test should be considered as an option during each visit. If node(s) result is positive then additional test are performed such as LND (Lymph Node Dissection) folowed by postoperative staging in which physician should consider LDH (Lactate DeHydrogenase), administer CXR, administer CT (Computerized Tomography) of chest, abdomen and pelvis or PET-CT (Positron Emission Tomography-CT), and consider brain MRI (Magnetic Resonance Imaging). For high risk features such as i) extracapsular extension, ii) nodes greater than or equal to 3 cm, iii) greater than or equal to 4 nodes involved, iv) regional nodal or soft tissue recurrance, consider post operative adjuvant radiation therapy. Then consider also systemic adjuvant therapy (e.g. high-dose inteferon-alpha or clinical trial). Physical exam with skin survey will follow every 3-4 months for 2 years and then every 6 months for 3 years and then annually.
d). equal to or greater than 1,00 mm, N0M0, any ulceration status, any mitotic index -perform LDH and CXR; consider pre-operative ultrasound of regional nodal basin if primary tumor greater than 4 mm or ulcerated or mitotic rate greater than 1. Then perform local incision with 1-2 cm margin (consider function and cosmesis, consider postoperative adjuvant radiation therapy for pure desmoplastic and neurotropic histology) and LM (Lymphatic Mapping and Sentinel Lymph Node Biopsy) with SLND (Selective Lymph Node Dissection) based on results of sentinel lymph node evaluation (obtain preoperative lymphoscintigraphy if ambiguous lymphatic drainage).
The workflow is a demonstration of the algorithm provided in these guidelines using YAWL's capabilities in modeling control-flow, data and resource requirements. In order to keep the example manageable, the process for the diagnosis and treatment of cutaneous melanoma is divided into three phases: Clinical Presentation, Evaluations, and Treatment followed by Surveillance. Each of the above sub-processes is captured by separate composite tasks. A number of simplifying assumptions were made. We assume that the patient histories like clinical/pathological reports are available to begin the diagnosis process.
Clinical Presentation
The process starts with the composite task Clinical Presentation, where the skin ulcer status is evaluated based on pathology results and physical examinations. The ulcerated status is defined based on any one of the following "Clark Levels" namely Clark I, Clark II-III, Clark IV-V or N0M0, where, Clark I indicates no ulceration or mitosis. Clark II-III is less than 1.0 mm, not ulcerated and less than 1 mitosis/mm 2 . Clark III-IV is less than 1.0 mm, ulcerated or at least 1 mitosis/mm 2 . N0M0 means equal to or greater than 1.0 mm, any ulceration status, any mitotic index. This task is completed when the Clark level is denoted by the owner/executer of the process. Then the control of the process is handed over to the next composite task.
Evaluations
After the Clark level is confirmed, there may or may not be a need for additional tests or diagnosis to be performed. Based on the Clark level the medical guidelines suggest further evaluations such as Chest X-ray (CXR) in cases of Clark level II-III, IV-V and N0M0. Clark level I status does not need further diagnosis. In case of ulcerated status N0M0 an ultrasound procedure for the tumor is recommended along with LDH. The owner/executor of this composite task could be a pathologist or a physician; he/she provides further suggestions in terms of a note as to what steps are to be performed before the patient is introduced to the Treatment procedures. On the completion of this sub-process the control is passed on the Treatment sub-process.
Treatment followed by Surveillance
This sub-process takes into consideration the previous clinical and pathological results and furthers the treatment and follows up procedures based on the patient's standing. Again, based on the ulceration status and Evaluation sub-process, treatments such as incisions ranging from 0.5-1cm margins or SNLD (Selective Lymph Node Dissection) based on results of Sentinel Lymph Node Evaluation or at times LM (Lymphatic Mapping and Sentinel Lymph Node Biopsy) are suggested for cure. The owner/executor of this task also proposes post operative procedures based on the patient's situation. These range from annual physical examination or a skin survey every 3, 4 to 6 months or certain post-operative procedures ranging from CT (Computerized Tomography) of chest to radiation therapy or brain MRI and the likes. The completion of this task leads to the conclusion of the whole process and thus the careflow process is terminated.
IV. FLEXIBLE CAREFLOW MODEL OF CUTANEOUS MELANOMA
Although it can be argued that high-level colored Petri nets are Turing complete but there are certain limitations that make them practically less useful. For instance there is no specific support for patterns that involve multiple instances of a subprocess. This forces the designer to keep track of splitting and joining sub-processes. In addition, it is difficult to model advanced synchronization patterns and the cancellation pattern with high level Petri nets. On the other hand, YAWL uses Petri nets as a starting point and provides extensions that address need for multiple instances, advanced synchronization and cancellation patterns. YAWL is based on a rigorous analysis of existing WfMSs and related standards using a comprehensive set of workflow patterns. So, YAWL is inspired by Petri nets but it is a completely new language with independent semantics. It has atomic and composite tasks, one unique input place and one unique output place. Each task (atomic or composite) can have multiple instances. AND/XOR/OR splits and joins are supported and hence advanced synchronizations can be realized. A notion to remove tokens from places irrespective of how many tokens are present is introduced and denoted by dashed rounded rectangles and connecting lines. The moment the task executes all tokens are removed. This is useful to support the cancellation pattern. In YAWL several versions of multiple patterns and several versions of synchronization patterns are available. In fact YAWL supports 19 out of 20 widely used workflow patterns.
Flexible Careflow model for CM implemented in YAWL follows medical guidelines as described in [1] . In Fig. 1 Fig. 2 . It shows three mega-actions connected sequentially. These megaactions are named Clinical Presentation, Evaluations, and Treatment followed by Surveillance. Each mega-action has its own separate YAWL representation in three consecutive submodels. These sub-models are not presented here to save space. Each of the three mega-steps incorporates some degree of flexibility based on medical evidence available at the moment of actual execution.
In addition, to showing sequencing of actions the YAWL environment provides a number of facilities, predominantly GUIs (Graphical User Interfaces), that help in operations of careflow management system. One such GUI serves to record all cases that are currently running for a given YAWL careflow specification and displays currently running tasks. This represents flexibility because different careflow specifications can be used and be concurrently active for different cases. Another GUI presents Administrative Queue that includes current careflow tasks that wait execution.
Another GUI allows assignment of a User (medical personnel) to a given work item. Yet another GUI presents Work Items Queue, i.e. a list of work items assigned to specific User. Another GUI permits recording of Clark level to a given work item. Separate GUI allows a physician (User in YAWL) to suggest a specific task (Treatment), such as CXR, for a patient with defined Clark level. A separate GUI shows details of the Treatment stage such as incision margin, additional tests suggested/performed, results of SNLD, Surveillance recommendations, Clark level, and suggested additional testing. Organizational data are gathered in a separate GUI that includes various Roles in which medical personnel can potentially act. It also provides information about personnel's Capabilities, Positions and Organizational Groups (departments) to which they belong. Separate GUI provides detailed information about careflow system's Users with their Roles, Positions, Capabilities, and Privileges. Access to this last GUI is typically password protected. The above mentioned GUI interfaces are not included in this paper due to space limitation. 
CONCLUSIONS
For a healthcare system, the case (patient) is the end product. The careflow systems mostly revolve around what the medical personnel observes and the patient's information. Workflow management systems focus on the control flow, while case handling systems rely on the data and related cases. Control flow is not a good quality to have when you are working in a medical setting because information is always changing and it needs to be available to the user. In a case handling system, the decisions are made by the medical personnel and not the workflow system. The case handling paradigm is a great way to provide flexibility in WfMS and it will help construct an efficient system for health care purposes. We illustrated this promise by presenting a case study of Cutaneous Melanoma using Petri net based modeling environment of YAWL.
In the future we plan to use the case handling paradigm for other medical guidelines as well as to adopt other forms of workflow flexibility to various medical conditions such as brain cancer, children's bronchiolitis, smallpox vaccine adverse reaction and the like using various Petri net based workflow tools such as CPNTools, YAWL, and Yasper. We also intend to add security modeling -in terms of information security and access -to careflow systems with flexibility features.
